Abstract Now a days sugar free food are very much popular because of their less calorie content. So food industry uses various artificial sweeteners which are low in calorie content instead of high calorie sugar. U.S. Food and Drug Administration has approved aspartame, acesulfamek, neotame, cyclamate and alitame for use as per acceptable daily intake (ADI) value. But till date, breakdown products of these sweeteners have controversial health and metabolic effects. On the other hand, rare sugars are monosaccharides and have no known health effects because it does not metabolize in our body, but shows same sweet taste and bulk property as sugar. Rare sugars have no such ADI value and are mainly produced by using bioreactor and so inspite of high demand, rare sugars cannot be produced in the desired quantities.
Introduction
Obesity is a major problem throughout the world. Surveys consistently show that people are concerned by weight and its health related implications, and for that most individuals are making a concerted effort to either maintain or lose weight. (Serdula et al. 1999; Scott et al. 2006) .
Today the major goal of diabetes management is control of blood glucose. So the consumers have a free choice of food products. They must choose the right food to comply with dietary recommendations and at the same time the food industry can considerably contribute to this change by providing adapted food products. This led food industry to discover several forms of alternative intense sweeteners, which have made possible to offer consumer the sweet taste without the calories.
Sugar cannot simply be replaced by these type of intense sweetener because the question of bulk, quality, intensity of sweetness and physical characteristics. Due to these features, rare sugars are desirable for low calorie, as well as bulk sweetener. These sugars tend to have desirable sweetness but are not metabolized in the human body and therefore do not provide calorie intake.
Artificial sweetener
The sensory properties of food is highly influenced by the sensory properties like taste smell texture and appearance (Sorensen et al. 2003) . The selection and consumption of food in man play a crucial role in the regulation of human appetite and nutrient intake. A sweetener is a food additive, which mimics the effect of sugar on taste. Therefore, they are called sugar substitutes. Consumers often select those foods, which are composed of low calorie sweetener because they want the taste of sweetness without added calories. The dietary option that such product provides may be especially helpful in the management of obesity or diabetes mellitus.
One group of such sweeteners consists of substances with a very intense sweet taste and is used in small amount to replace the sweetness of a much higher amount of sugar. The sweeteners of this type currently approved for use in the United States are-Aspartame, Acesulfane-K, Neotame, Saccharin, Sucralose, Cyclamate and Alitame. Table 1 summarizes some information about high intensity sweeteners (Godshall 2007) .
Aspartame Aspartame (Fig. 1a) was discovered in 1965 by James Schlatter a chemist (Mazur et al. 1970) . It is an artificial, non-saccharide sweetener, L-aspertyl-L phenylalanine methyl ester that is a methyl ester of the dipeptide of the amino acids aspartic acid and phenylalanine. Under strongly acidic or alkaline conditions, aspartame may generate methanol by hydrolysis. Under more severe conditions, the peptide bonds are also hydrolyzed, resulting in the free amino acids. It is slightly soluble in water, (about 3gm per 100ml, pH 3 at room temp.). The solubility increases with higher or lower pH as well as with increased temperature. In aqueous solution the relationship between pH and stability of aspartame is a bell-shaped curve with the maximum stability at pH 4.3 (Mazur and Ripper 1979) .
This sweetener is marketed under a number of trademark names including Equal, Nutrasweet, and Candere and has a good clean sweet taste but its time-intensity profile differs from sucrose.
Synthesis
Chemical synthesis of aspartame involves the coupling of the two amino acid units having appropriate functional group protection with conventional synthetic reagents. The two major processes are known as the Z-and F-processes named after the protecting group used on the aspartyl group. Both of these processes produce some β-coupled products together with the desired α-aspartame.
The Z-process mainly involves the dehydration of the benzyloxycarbonyl-L-aspartic acid with acetic anhydride.
The anhydride is then coupled with the methyl ester of Lphenylalanine in toluene to give a mixture of benzyloxy carbonyl α-and β aspartames. The protecting groups are removed by hydrogenolysis and resulting mixture of aspartame isomer yield aspartame upon crystallization (Ager et al. 1998) .
The F-process involves the protection of the amino group of aspartic acid with a formyl group and concomitant dehydration to form anhydride. The anhydride is then coupled either with L-phynylalanine or its methyl ester (Hill et al. 1991 ) and the formyl group removed by acid hydrolysis. The resultant mixture of α and β products are subjected to the esterification conditions of aqueous methanol and preferentially crystallizes out from this mixture and is then neutralized to yield aspartame.
The application of biotechnology and biocatalysts towards the synthesis of the aspartame has been extensively explored. Due to the presence of its dipeptide structure many variations of reverse proteolysis that employ both kinetically and thermodynamically controlled approaches has been investigated with different enzymes and under various reaction condition. Two Japanese companies have reported one formation route to produce aspartame directly by incubating microorganisms with L-aspartic acid and methyl ester of phenylalanine (Ager et al. 1998 ).
Metabolism and health aspect
Aspartame is a low calorie sweetener used to sweeten a variety of low and reduced calorie foods and beverages including low calorie tabletop sweetener as well as for use in gum, breakfast cereal and other dry products.
Aspartame provides energy of 4 calories per gram. Aspartame is unstable if subjected to prolong heating and therefore cannot be used in baking or cooking. It also decomposes in liquids during storage. Upon ingestion, aspartame breaks down into natural residual components, including aspartic acid, phenylalanine, methanol and further break down products including formaldehyde, formic acid and diketopiperazine (George et al. 2010; Trocho et al. 1998) . Each of which then metabolized just as it would be if derived from other dietary sources and are safe as consumed in normal diets.
Aspartame has been the subject of controversy regarding its safety since its initial approval by the U.S. Food and Drug Administration (FDA) in 1974 (Magnuson et al. 2007 .
High level of the naturally occurring essential amino acid phenylalanine is a health hazard to those born with phenylketonuria (PKU) a rare inherited disease. So the phenylalanine level statement or aspartame-sweeten products is for their benefit and has no relevance for general population. Various scientific researches concluded that the effects of aspartame are likely to be attributable to methanol or its metabolites, evidence indicating that fruits and vegetables also contain high level of methanol than aspartame sweetened food and beverage do. But high intake of fruits and vegetables are associated with decrease rather than increase in cancer risk (Heber 2004) . Carcinogenicity studies of aspartame were conducted by Nalt Toxicological Programme (NTP) in 2 strains of transgenic mice, and it was concluded that aspartame exposure was associated with increase in cancer in either male or female mice (NTP 2005) . Based on government research reviews and recommendations from advisory bodies such as European Commissions Scientific Committee on Food and joint FAO/WHO expert committee on food additives, aspartame has been found to be safe for human consumption by more than ninety countries worldwide (Magnuson et al. 2007 ).
Acesulfame-k
Acesulfame-k (Fig. 1b) has been developed as sweetener by Hoechst (Clauss and Jensen 1970) . This high intensity sweetener is potassium salt of 6-methyl-123-axathiazine-4 (3H)-one 2,2-dioxide with molecular formulaC 4 H 4 KNO 4 S and molecular weight of 201.24. It is a white crystalline powder, approximately 120 times sweeter than sucrose and has high water solubility (Rymon Lipinski 1991) .
Acesulfame-k is heat stable, so can be used in cooking and baking (Nabors 2002) . It may have a bitter after taste when used alone to sweeten food or beverage (Horne et al. 2002) Ace-k is often blended with other sweetener (usually sucralose or aspartame) whereby each sweetener masks the other's after taste and exhibit a synergistic effects by which the blend is sweeter than its components.
Synthesis
Early methods for Ace-k synthesis used chlorosulfonyl or flurosulfonyl isocyanate with propyne acetone (Clauss and Jensen 1970) and with other chemicals give N-chloro or N-(fluro-sulfonyle) acetoacetamide, which is then cyclized by metabolic potassium hydroxide to give Ace-k. Alternative method involves the treatment of acetoacetamide with at least two equivalents of sulfur trioxide. This results in formation of N-sulfoacetoacetamide, which is then dehydrated by sulfur trioxide to form oxathiaazinone dioxide. Neutralization with potassium hydroxide gives Ace-k. (Clauss et al. 1993 ).
Metabolism and health aspect
Acesulfame-k is not metabolized in the human body, thus it provides no calories and does not influence potassium intake despite its potassium content (ADA 2004) . In 1988 USFDA approved the use of Ace-k in a variety of dry food products and in alcoholic beverages. In 2003 the agency approved its use as a general-purpose sweetener (USFDA 2003) . One breakdown product of ace-k is acetoacetamide (George et al. 2010) known to be toxic if consumed in very large doses because human exposure to this breakdown product would be negligible. The USFDA concluded that no further testing of it was necessary.
Sucralose Sucralose ( Fig. 1c ) was discovered in 1976. This nonnutritive sweetener is made from sucrose by a process that substitutes 3 chloride atoms for 3 hydroxyl groups on the sucrose molecule (FDA 2006) . Sucralose is 450-650 times sweeter than sucrose, has a pleasant sweet taste and its quality and time intensity profile is very close to that of sucrose (Arora et al. 2009 ). It has a moderate synergy with other nutritive and non-nutritive sweeteners. (Beyts et al. 1995) . It is very much soluble in water and is stable over a wide range of pH and temperature. It does liberate HCl when stored at high temperature and produce some kind of discoloration (Beyts et al. 1995) .
Synthesis
The synthesis of sucralose involves a series of selective protection and deprotection steps so that the 4-hydroxyl group can be converted to a chloro atom with inversion of configuration. Treatment of the free hydroxyl groups with sulfuryl chloride produce trichlorodisaccharide which is then deprotected to give the sucralose (Ager et al. 1998 ). The use of enzymes or microbial cultures to augment synthetic organic chemistry and carry our selected functionalization of complex molecule has been widely documented in the growing field of biocatalysis (Wong and Whitesides 1994) .
Metabolism and health aspect
Although sucralose is made from sugar, the human body does not recognize it as a sugar and does not metabolize it therefore it provides no calories. The bulk of sucralose ingested does not leave the gastrointestinal tract and is directly excreted in the feces while 11-27% of it is absorbed (Knight 1993) . The amount that is absorbed from the gastro intestinal tract is largely removed from the blood stream by the kidneys and eliminated in the urine. As it is an organo chloride and some of which are known to have significant toxicity (Patel et al. 2006 ) but sucralose is not known to be toxic. In addition sucralose does not breakdown or dechlorinate. In determining the safety of sucralose, the FDA reviewed data from more than 110 studies in human and animals. Many of the studies were designed to identify possible toxic effects including carcinogenic reproductive and neurological effects but no such effects were found. Food and Drug Administration (FDA) approval is based on the findings that sucralose is safe for human consumption. U.S. Food and Drug Administration (USFDA) approved sucralose as a generalpurpose sweetener. The acceptable daily intake (ADI) for sucralose in US is 5mg/kg body weight/day. The estimated daily intake for percentile consumers as calculated by USFDA is 1.6mg/kg body weight/day (USFDA 1999) .
Saccharin Saccharin (Fig. 1d ) was discovered by Remson and Fahlberg in 1878 at the Johns Hopkings University, Baltimore. It is a non-nutritive sweetener of 1,2-benzoisothiazol-3-(2H) on 1,1 dioxide. Saccharin has an unpleasant bitter or metallic off taste. As the parent compound is only sparingly soluble in water, the sweetener is usually used as the sodium or calcium salt. Both salts are highly water soluble, 0.67 gms/ml.of water at room temperature (Priebem and Kauffman 1980) . It is about 300 times sweeter than sucrose.
Synthesis
Chemical synthesis of saccharin involves the oxidation of the o-toluenesulfonamide with variety of agents like potassium permanganate (Tarbell and Tarbell 1978) , chromic acid, electrochemically (Bennett et al. 1992) etc. to the corresponding carboxylic acid. The ortho isomer is dehydrated to give the sweetener. (Bennett et al. 1992; Drasar et al. 1972) . Another process involves diazotization of methyl anthranilate and then treatment of the diazonium salt with sulfur dioxide and chloride gas to give the sulfonyl chloride which is then treated with ammonia to give saccharin (Tarbell and Tarbell 1978) .
Metabolism and health aspect
The FDA tried to ban saccharin in 1977 because animal studies had showed that it caused cancer in rat (mainly bladder cancer). Many studies have since been performed on saccharin. No study has ever shown a clear casual relationship between saccharin consumption and health risks in human at normal doses. Though some studies have shown a correlation between consumption and cancer incidence (Weihrauch and Diehl 2004) . Saccharin is currently permitted for use under an interim regulation that specifies the amounts of saccharin permitted in beverages, processed food, and sugar substitute and requires that the product level must state saccharin in the ingredient declaration and specify the amount used (Kroger et al. 2006 ).
Cyclamate
Cyclamate (Fig. 1e) was discovered in 1937. It was used as a low calorie sweetener in the United States in 1950s and 1960s. It is a salt of cyclohexylsulfamic acid. Sodium cyclamate is used as non-nutritive sweetener and the analogous calcium salt used specially in low sodium diets. Cyclamate is 30 times sweeter than sucrose. It has a bitter off taste, but has good sweetness synergy with saccharin. It is soluble in water and its solubility can be increased by preparing the sodium or calcium salt (Bopp et al. 1986 ).
Synthesis
This process begins with the trisaccharide raffinose followed by chemical chlorination to form tetrachloro raffinose TCR. This TCR is then enzymatically treated with a galactosidase to move the 6-chloro-6-deoxygalactosyl moieties from the 6th position to yield cyclamate (Bennett et al. 1992 ). There are another two methods available for synthesis of saccharin like bioorganic synthesis (Drasar et al. 1972 ) and regioselective deacylation.
Metabolism and health aspect
Cyclamate itself shows very low toxicity but is metabolized by the gut bacteria to cyclohexylamine which shows greater toxicity (Bopp et al. 1986 ) because of the nature of cyclamate metabolism. It would be inappropriate to assume that the total daily intake of cyclamate is metabolized to cyclohexylamine. The acceptable daily intake (ADI) for cyclamate was calculated by both the scientific committee of food (SCF) and the joint expert committee on food additives (JECFA) based on the "no observed adverse effect level" (NOAEL). For cyclohexylamine in rats assuming that 18.9% of the daily intake of cyclamate is metabolized to cyclohexylamine each day (SCF 2000) . The plasma concentrations of cyclohexylamine following cyclamate intake will depend on both the extent of metabolism by the intestinal flora and the extent of elimination of cyclohexylamine from the circulation.
Scientific research on cyclamate is continuing. Recent studies have provided new data on the extent to which individuals convert cyclamate to cyclohexylamine during long term consumption (Renwick et al. 2004 ). This study gives first true indication of possible exposure to cyclohexylamine from cyclamate metabolism in humans over a period that is toxicologically relevant to the establishment of ADI for cyclamate.
Neotame
Neotame (Fig. 1f) is a derivative of a dipeptide compound of the amino acids -aspertic acid and phenylalanine. Neotame has been developed as a sweetener with a high degree of sweetness and is obtained by N-alkylating aspartame. Its degree of sweetness varies according to the kind of food and blend composition. It is 7000 to 13,000 times and about 30 to 60 times sweeter than sugar and aspartame respectively (Prakash et al. 2002) .
Neotame is an odorless white to gray-white powder with a strong sweetness and is readily soluble in alcohols and slightly soluble in water. The 0.5% aqueous solution of neotame is weakly acidic (pH 5.8) (Prakash et al. 2002) .
Synthesis
A chemoenzymatic method used for preparing N-[N-(3-3dimethylbutyl)-L-a aspertyl]-L-phenylamine 1-methyl ester via the enzymatic regioselective hydrolysis of neotame ester using lipases or estarages (Prakash and Zhao 2001) .
Another method involve the hydrogenation of L-α-aspartyl -L-phenylalanine I methyl ester and 3-3 dimethylbutyraldehyde produced insitu by the hydrolysis or cleavage of a 3-3-dimethylbutyraldehyde precursor (Prakash 2007 ).
Metabolism and health aspect
Neotame is rapidly metabolized, completely eliminated and does not accumulate in the body. The major metabolic pathway of neotame is hydrolysis of the methyl ester by esterase which is present throughout the body. This yields deesterified neotame, the major metabolite and a significant amount of methanol. Due to the presence of the 3-3-di-methylbutyl group, peptidases which would typically break the peptide bond between the aspartic acid and phenylalanine moieties are essentially blocked, thus reducing the availability of phenylalanine. The amount of methanol derived from neotame is exceedingly small (Neotame 2002 ). Neotame was approved by the USFDA as a general purpose sweetener in July 2002 (USFDA 2002) . It has also been favorably evaluated by JECFA (JFECFA 2004 ) which established an ADI of 2mg/kg body weight/ day. The ADI for neotame in the US is 18 mg/person/day (USFDA 2002) .
Alitame Alitame (Fig. 1g) is an intense sweetener with sweetness potency 200 times greater than that of sucrose. It is a dipeptide of L-aspartic acid and D-alanine with a terminal N-substituted tetra methylthietanyl-amine moiety.
Synthesis
Alitame is prepared by a multi step synthesis involving the reaction between two intermediates (S)-[2-5-dioxo-(4-thiazolidine)] acetic acid and (R) -2-amino-N-(2,2,4-4-tetramethyl-3-thietanyl) propanamides. The final product is isolated and purified by crystallization of an alitame −4-methylbenzenesulfonic acid adduct followed by additional purification steps and finally recrystallization from water (Peter et al. 2002) .
Metabolism and health aspect
Alitame is readily absorbed in the GI tract and then rapidly metabolized and excreted. It has two main components, aspartic acid and alanine amide. The aspartic acid component is metabolized normally and the alanine amide passes through the body with minimal metabolic changes. In humans the glucoronic derivative of D-alanine tetramethylthietane amide is the major urinary metabolite. JEFCA reviewed safety data on alitame in 2002. The committee concluded that there was no evidence that alitame is carcinogenic. An ADI of 0-1 mg/kg body weight was allocated on the basis of the NOAEL of 100mg/kg body weight/day to an 18 month study in dogs. Alitame has already been approved in Mexico, Colombia and China as well as Australia and New Zealand (Kroger et al. 2006 ).
Rare sugar
Rare sugars, which are defined as monosaccharides and their derivatives that are rare in nature (Izumori 2002) have recently attracted a great deal of attention mainly concerning their application. This could provide an alternative to the other sweetener due to its lack of calories. Rare sugars are either not metabolized by the body or metabolized to a lesser extent than natural sugar. Due to these features, rare sugars are well tolerated by diabetes patients. Other advantage of rare sugar is the absence of any objectionable after taste (Zakaria 2001) . (Fig. 1h ) (D-ribo-2 hexulose), a C-3 epimer of Dfructose is a rare sugar present in small quantities in commercial mixtures of D-glucose and D-fructose obtained from the hydrolysis of sucrose or isomerization of Dglucose (Green and Perlin 1968) . D-psicose has 70% of the sweetness of sucrose and has a higher solubility that makes it easy to use for food processing.
It has been reported that the addition of D-psicose in food products improve the gelling behavior and flavor as well as it increases the antioxidant property of the food products (Sun et al. 2006; Sun et al. 2007 ). Furthermore, food products containing D-psicose maintain a high level of antioxidant effect over a long period of storage, which is able to delay the onset of lipid auto-oxidation and extend the food storage time (Sun et al. 2008) . It gives proper sweetness, smooth texture, desirable mouthfeel and great self-stability to food products. Synthesis D-psicose has previously been produced by chemical methods from D-fructose using catalytic action of molybdate ions in an acidic aqueous solution (Bilik and Tihlarik 1973) it is also sometimes prepared by boiling D-fructose in ethanol and triethylamine (Doner 1979) . All the chemical methods are insufficient in terms of large-scale production.
An improved process for the mass production of Dpsicose was developed using D-tagatose −3 epimerase bioreactor. D fructose solution (60%, pH 7.0) was passed at 45°C through a column filled with immobilized Dtagatose-3-epimerage (D-TE) which was produced using recombinant E.Coli. and 25% of the substrate was converted to D-psicose. After epimerization, the substrate D-fructose was removed by treatment with baker's yeast. The supernatant was concentrated to syrup by evaporation under vacuum and D-psicose was crystallized with ethanol (Takeshita et al. 2002) .
Another work was done for mass production of Dpsicose using a non characterized gene from Agrobacterium tumifaciens which increase the production 586 fold higher than that of D-TE. The enzyme is D-psicose-3-epimerase. This finding has considerable importance in D-psicose production (Kim et al. 2006 ).
Metabolism and health aspect
An animal study on the suppression of increase in plasma glucose concentration with D-psicose found significant drop in plasma glucose concentration when maltose and sucrose were used as substrates, but no significant drop when glucose and soluble starch were used as substrate (Matsuo 2006) . Another animal study proposed that D-psicose inhibited the hydrolysis of maltose with α-glucosidase in rats (Matsuo and Izumori 2006) . The doses of D-psicose at 5g (around 1/15 of carbohydrate intake) would be the minimum effective dose for suppressing the elevation of plasma glucose and insulin concentration for 75g maltodextrin. This study confirmed the improving effects of glucose tolerance. Dpsicose is expected to serve as a food material with low glycemic index.
Another study demonstrated that D-psicose inhibits intestinal sucrase and maltase activities in an uncompetitive manner and suppress the plasma glucose increase after sucrose and maltose ingestion. Thus D-psicose may be useful in preventing postprandial hyperglycemia in diabetic patient when food containing sucrose and maltose are ingested (Lida et al. 2008 ).
Xylitol
Xylitol (Fig. 1i) is a naturally occurring sugar. Xylitol is a five carbon sugar that tastes and looks exactly like sugar.
Synthesis
The synthesis of xylitol from natural product is based on the pentosans occurring in many plants. Xylan, a constituent of pentosan, is a polysaccharide that can be hydrolyzed in to D-xylose. Xylitol can be synthesized by hydrogenation of xylose (Zakaria 2001 ). Xylitol also can be produced from D-glucose by three steps (Povelainen and Miasnikov 2006) . Xylitol production from yeast is an alternative to chemical studies (Lachke and Jeffries 1986) .
Metabolism and health aspect
Xylitol metabolises easily and independently from insulin in humans and produces very low amount energy. Xylitol has a recognized glycemic index of 8 and have a caloric value of 2.4 calories/gm. (Sellman 2003) Xylitol is non-fermentable and therefore cannot be converted to acids by oral bacteria, thus it helps to restore a proper alkaline/acid balance in mouth. Several clinical trials have indicated that xylitol products (chewing gum) are more effective in reducing dental caries.
In 1996, the joint expert committee on Food Additive (JECFA) confirmed the safety of xylitol for human consumption and allocated xylitol an ADI of 'Not specified'. The scientific committee for food of the European Union (EU) also determined xylitol 'acceptable' for dietary uses (Xylitol 2009 ).
Tagatose
The ketohexose D-tagatose (Fig. 1j) is structurally similar to D-fructose except for an inverted optically active center. Because of its excellent taste and bulk properties, combined with a possibly very low energy value, D-tagatose has potential for use as a sweetener (Livesey and Brown 1996; Szepesi and Michaelis 1986) . Synthesis D-tagatose is produced from lactose in two-step. Firstly, lactose is converted to glucose and galactose by hydrolysis and then galactose is isomerizd to D-tagatose by adding calcium hydroxide (Calorie control council 2007).
Metabolism and health aspect
The metabolism of tagatose is identical as fructose but it is incompletely absorbed. The study on small-bowel absorption of tagatose concludes that 15g tagatose/day had a high apparent absorption in the small intestine of humans (Normen et al. 2001) . The major part of ingested tagatose is fermented in the colon by indigenous microflora, resulting in the production of short chain fatty acid. The short chain fatty acids are absorbed almost completely and metabolized.
Thus it can be concluded that D-tagatose a carbohydrate with physiological properties potentially valuable for the control of both body weight and symptoms of the metabolic syndrome as seen in diabetics (Livesey and Brown 1996) .
Substances such as glucose and especially fructose that promote lopogenesis (Szepesi and Michaelis 1986) and have high glycosylation indices (Mc Phearson et al. 1988) could be replaced with D-tagatose with lower fat accumulation (Levin et al. 1995) , lower glycosylation index (Bunn and Higgins 1994) and strong antidiabetic effects founds in rats (Szepsi 1996) .
D-allose
D-allose (Fig. 1k) , a cis-aldohexose is a non caloric sweetening and bulking agent which have good antioxidant properties. The mass production of D-allose mainly achieved from D-psicose in a batch reaction by crude recombinant L-rhamnose isomerase cross linked with gluteraldehyde (Menavuvu et al. 2006) . Studies on Dallose supplementation on Dahl salt sensitive hypertensive rats and spontaneously hypertensive rats suggests the possibility of D-allose supplementation for prevention of salt sensitive hypertension. D-allose has been reported to inhibit segmented neutrophil production and lower platelet count in vivo without other significant detrimental clinical effects in rats (Arnold and Silady 1997) . D-allose is also used as potential inhibitor of various glycosides. Table 2 summarizes the information about some nutritive sweetener known as sugar alcohol. They are highly soluble and non hygroscopic. The sugar alcohols are non-reducing, temperature stable and more resistant to browning reactions than sucrose (Godshall 2007) .
Other sweetener

Erythritol and other polyols
Erythritol is four carbon sugar alcohol (or polyol). It is manufactured by fermentation from glucose and sucrose by Trichosporonoides megachiliensis. It has a sweetness approximately 60-80% of sucrose. Polyols are low digestible carbohydrates which are poorly absorbed from the small intestine. These are also used for their humectant and bulking properties. Excessive consumption has a laxative effect due to unabsorbed polyol increasing the osmotic potential of the gut lumen and other gastrointestinal effect. Erythritol is considered to be of low toxicity. It has been assessed by JECFA which assigned it an 'ADI not specified'. Studies with human have shown them that ingested doses of erythritol is absorbed from the small intestine and excreted in the urine unchanged (Munro et al. 1998) . Another polyol like sorbitol show property close to sugar (Chetana et al. 2010 ).
Trehalose
Trehalose is a non-reducing disaccharide that consists of two glucose units linked by a 1,1-glycosidic bond. It is with a relative sweetness of 40-45% that of sucrose. Trehalose is produced directly from food-grade starch by a multienzymatic process. This disaccharide is enzymatically hydrolyzed by the enzyme trehalase in the small intestine in to two glucose subunits which are subse- quently absorbed and metabolized in a manner similar to maltose. Present study reports that adding trehalose to dehydrated pear cubes could improve aroma retention by 15% (Komes et al. 2006) . It has also added advantage of being an antioxidant. Several safety studies on trehalose have been evaluated by JECFA, 2001 and allocated an ADI of 'not specified'. Trehalose is approved in Japan, Korea, Taiwan, and UK (Kidd and Devorak 1994) .
Stevia rebaudiana
Stevia is a natural herb. This zero calorie sweetener mainly containing steviol glycoside which is 10-15 times sweeter than sucrose. Human body does not metabolize these sweet glycosides, so obtains no-calories from stevia. Unlike artificial sweetener, the sweet glycoside does not break down in heat which makes stevia an excellent sweetener for cooking and baking. Studies have indicated that stevia tends to lower the elevated blood pressure. It also significantly improves nutritional status of diabetic patients (Kochhar et al. 2008 ).
Conclusion
The number of people suffering from diabetes, obesity, hypertension, and heart disease is increasing every year. Increasing amounts of sugars in food, sweets, soft drinks and so on have raised some concern about their health effects. So nowadays artificial sweetener are receiving much more attention. But it gets bad reputation due to their safety issue. On the other hand in spite of demand for rare sugars, their commercial availability, application and usefulness is negligible as they are expensive to prepare and unavailable in nature. So research is required to make natural sugars having the desired quantities of sweetness, low caloric value, and least observed physiological effects.
